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© Use of a potassium channel activator for pharmaceutical compositions useful in cardiopulmonary 
bypass and organ transplant. 

© In accordance with the present invention novel methods for cardiopulmonary bypass and organ transplant, 
each employing a potassium channel activator, are disclosed. The use of a potassium channel activator has 
been found to reduce the damage or ischemia induced by the bypass and transplant procedures. 
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Cardiopulmonary bypass and heart transplant are two important surgical procedures used by card.ac 
surgeons. While they both are designed to improve cardiac functional status, the tech ™ques co uld be 
greatly improved. In both cases, the procedures require that the hearts be removed from the normal 
circulation of the body and thus by definition, some degree of damage may be observed. In bypass and 
transplant, cardioplegic solution, rather than blood, is employed to perfuse the ^ronary artenes . Accord- 
ingly the conditions and attendant risks/damage resulting from these procedures may d.ffer from coronary 
stenosis induced damage. To reduce the degree of surgical damage, the hearts are perfused in a 
retrograde fashion with a cardioplegic solution designed to reduce energy needs of the tissue by arrestmg 
the hearts, making them hypothermic (reduce energy demands) and also supplying them wrth essentia ' 
substrates. While such solutions are helpful, further improvements in the ability of these hearts to 
compensate for the surgical damage would be useful. Cardiopulmonary bypass involves aortic : cross- 
clamping and retrograde infusion of cardioplegic solution while heart transplant involves removal of the heart 
from a donor and the heart is stored in cardioplegic solution or is retrogradely perfused us.ng a Langendorff 

tvpe system until transplant can be affected. 

It has long been known that potassium leaks out of myocardial cells during .schemia and the amount of 
potassium which leaks out seems to be correlated with the degree of ischemic damage. Indeed, P^ium 
Teaks out of hearts subjected to the type of global ischemia which would b - ^en during can ^on^y 
bypass and heart transplant. Current thinking indicates that compounds which could block the outward flux 
of potassium, i.e., potassium channel blockers, could protect the ischemic tissue. 

The present invention relates to the use of a potassium channel activator, in the preparafon of a 
pharmaceutical composition useful in reducing the damage or ischemia induced by the bypass and 
transplant pmce^dujes^^ ^^.^ prepared according to tne present invention containing a potassium 
channel activator is added to any solution used to perfuse the coronary arteries or used in connector i wrth 
bypass and transplant procedures. These solutions may be selected from any of the various crtoptogrc 
solutions, intracellular solutions, etc., which are used to perfuse the arteries, to stor e the organ to an est *e 
heart for transplant, etc. Additionally, the pharmaceutical composition prepared according to the present 
invention comprising the potassium channel activator may be administered to a mammalian specie , i.e 
monkey, dog, cat, rat, human, etc., which is involved in the bypass or transplant procedure. For example^ a 
potassium channel activator can be administered to a bypass patient, organ donor and/or organ rec.pient 

before, during and/or after the bypass or transplant procedure. h^t, 

In a preferred embodiment the present methods involve the use of a potassium channel actvator which 
has little or no vasodilating effect on normal tissue. Such selective compounds have been found to open 
only the potassium channels in ischemic tissue and therefore pharmaceutical compositions comprising such 
compounds offer protection of the organ for bypass- or transplant-induced ischemic damage, but have little 
or no blood pressure lowering activity on the patient. ral ^ inn 
While the use of the pharmaceutical compositions prepared according to the present invention relating 
to transplant procedures is most frequently described in terms of heart transplant, it is meant to include 
other types of organ transplant as well. Organ transplant procedures which would also benefit from use of a 
pharmaceutical composition containing a potassium channel activator, especially the .schem.a selectve 
activators, include liver and kidney transplants. _ c&aKia 

Any potassium channel activator may be used in accordance with the presen invention. Su.table 
potassium channel activators include those disclosed in U. S. Patent 4,057,636, especially the compound 
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N-CN CH 3 C 
ll^J NH-C-NH-CH-C- 
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CH 3 
CH 3 
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known as pinacidil; those disclosed in European Patent Publication number 0 274 821, especially the 
compound 
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known as cromakalim; nicorandil; minoxidil; compounds in copending application U. S. Ser. No. 506,632 
filed April 9, 1990 having the formula 
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wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are carbons; 
25 Ri is 



30 



35 



R 7 Rs 
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=NCN or R 10 " 
( 



R 2 is hydrogen, hydroxy, 



Rs 



^=NCN; 



-N 
I 



40 



-OCCH3 



R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, R3 and R* taken together with the 
carbon atom to which they are attached form a 5- to 7- mem be red carbocyclic ring; 
45 Rs is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, -NO2, 
-COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



50 
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11/ 

(0-alkyl) 2 , 

O 



-R/ 



n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
55 NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, arylalkyl, 
cycloalkyl, or (cycloaikyl)alkyl; 

Re is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and NO^; 

R7 and Rs are each independently selected from hydrogen, alkyl, alkenyl, aryl, (heterocyclo)alkyl, 
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heterocvclo arylalkyl, cycloalkyl and (cycloalkyl)alkyl, substituted alkyt wherein the substituents ,nc ude 
alkoTatvrthi anc substituted amino, or R 7 and Re taken together with the nitrogen atom to wh.ch they 

s ^^^^ 

aM-1-piperazinyl or 4-arylalkyM-piperazinyl, wherein eaoh of the so-formed groups oan be subst.tuted 
^^^^^ZZ^Z:^ ary,, aryia.kyi, cyCoaiky, or cyc.oa.ky.a.ky, and 

n is 1, 2 or 3; 
with the compound 
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being 
formula 



preferred; compounds in copending application U. S. Ser. No. 349.021 filed May 8. 1989 having the 
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N-CN 



2 "^O^ NH-l-NHRi 



R 4 



and its possible tautomers 
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and 
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H-N-CN 



55 



including pharmaceutical ly acceptable salts; ,^11^,1=, 
wherein Rl is alkyl, alkenyl, alkynyl, haloalkyl. cycloalkyl, aryl, arylalkyl or cycloalkylalkyl, 

r 2 i s -ON, -N0 2 , 
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-CR 5 , -C-OR 5 / -C-ammo, 
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-C-substituted amino, 



70 -CF 3 or 



75 
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R 3 and R+ are each independently selected from -R 2 , hydrogen, alky I, alkenyl, alkynyl, haloalkyl, halo, 
alkoxy, -NHalkly, -N-(alkyl) 2 , -S-alkyl, -O-arylalkyl, -S-arylalkyl or -S-aryl, -O-aryl, -NHarylalkyl, or R 2 and R 3 
taken together are a group which forms a ring with the two carbon atoms to which they are attached, which 
20 group is selected from 



25 



II m 

-S-(CH 2 ) -CH 2 -, 



30 



o 
II 

-CX(CH 2 ) p CH 2 



-H-CH 2 (CH 2 ) p X-; 



wherein 

m = 1 or 2, 
35 n = 3-5, 
p = 2-4, 
X is 0, NR 5 , CH 2 ; and 
R 5 is hydrogen or Hi ; 

compounds in copending application U.S. Serial No. 540,423 filed June 18, 1990 having the general 
40 formula 
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50 




55 wherein A can be -CH 2 -, -0-, -NR9-, -S-, -SO- or -S0 2 -, where R 9 is hydrogen or lower alkyl of 1 to 4 
carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs, -O, -S- or 
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Ri o 
-CH- ; 



Ri is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 
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-OCCH 3 ; 
II 
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R 3 and R 4 are each independently hydrogen, alkyi or arylalkyl, or, R 3 and R* taken together with the 
carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 
75 Rs is selected from H, alkyl, haloalkyi, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, -N0 2 , 

-COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



20 



-P( O-alkyl ) 2 , 



\ 



0-(CH 2 ) 



halogen, amino, substituted amino, O-alkyl. OCF 3 . OCH2CF3. -OCOalkyl, -OCONRaikyl, -NRCOalkyl and 
25 NRCOOalkyl, NRCONR 2 wherein R in each .of the above groups can be hydrogen, alkyl, aryl, arylalkyl, 
cycloalkyl, or (cycloalkyl)alkyl; 

Rg is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 

R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 

n is 1, 2 or 3; and, 

30 Rio is hydrogen, hydroxy, alkyl or O-alkyi; and compounds in copending application Serial No. 502,967 

filed April 2, 1990 having the general formula 



Ri-X 



35 



40 



R 6 




45 wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are carbons; 
where X is oxygen or sulfur; 

R1 is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl. 
R 2 is hydrogen, hydroxy, 



50 



-OCCH3 ; 
M 
O 



55 R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, R 3 and R4 taken together with the 

carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyi, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, -N0 2 , 
-COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 a!kyl, 
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-<CH 2 ) n 
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halogen, amino, substituted amino, O-alkyt, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl and 
NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, arylalkyl, 
cycloalkyl, or (cycloalkyl)alkyl; 
io Re is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 is selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1 , 2 or 3. 

As discussed above, it has been found that compounds of formula C, E and F are extremely useful and 
preferably used in the present invention for the preparation of pharmaceuticals useful in bypass and 

75 transplant since they have been shown to reduce LDH release in globally ischemic rat hearts while little or 
no reduction in blood pressure would be expected in whole animals. These and other "ischemia selective" 
compounds are a class of compounds wherein anti-ischemic effects comparable to the potent vasodilator 
cromakalim are realized, but with significantly reduced vasodilatory action. 

Thus, the most preferred compounds which are those having ICso (rat aorta) values greater than 

20 cromakalim (as shown in the examples), i.e. those having the highest degree of selectivity, are compounds 
of formula C wherein R 7 is aryl, arylalkyl, heteroaryl or heteroarylalkyl; and compounds of formula E and F 
where Ri is~aryl, arylalkyl, heteroaryl or heteroarylalkyl. 

In accordance with the present methods, the pharmaceutical composition comprising the potassium 
channel activator is added to the cardioplegic solution utilized to perfuse the coronary arteries during 

25 bypass, and is added to the cardioplegic solutions for arresting and storage of the heart or other organ for 
transplant. The pharmaceutical composition comprising a potassium channel activator may be administered 
to the bypass patient before and/or during and/or after surgery or be administered to recipients and donors 
before and/or after transplant. 

When administered to the mammalian organ donor or recipient or bypass patient, the dosage of the 

30 potassium channel activator should be in the range of 1-50 mg/kg. Administration of the pharmaceutical 
composition comprising the potassium channel activator to donor/recipient can be by any techniques known 
in the medical arts, e.g., orally, parenterally, intranasally, transdermal^ and the like, using known phar- 
maceutically acceptable formulations and delivery systems. This can be accomplished by compounding 
about 10 to 500 milligrams of a potassium channel activator into a pharmaceutical^ acceptable carrier by 

35 known techinques. 

The potassium-channel activator can be present in the cardioplegic solutions in concentrations from 
about 3 llM to 60 uM and preferably is present in an amount ranging from 7 uM to 30 uM. 

Grover et ai., "Dissociation of Cardiodepression from Cardioprotection with Calcium Antagonists: 
Diltiazem Protects Ischemic Rat Myocardium with a Lower Functional Cost as Compared with Verapamil 

40 and Nifedipine", Journal of Cardiovascular Pharmacology ; pages 331-340, Vol. 14, No. 2 (1989), describe a 
model for testing globally ischemic, isolated rat hearts. This model is expected to be a reliable indicator of 
protection since the laboratory-induced isolation and ischemic event including perfusion with a cardioplegic 
solution, reasonably duplicates the environment and conditions for the heart during bypass and transplant. 
Grover et al. express the efficacy of protective agents as the amount of lactate dehydrogenase (LDH) 

45 release and post-ischemic cardiac function. Lactate dehydrogenase is an enzyme released in the heart 
during an ischemic event and is an index of cardiac cell necrosis. In the Grover et al. model, this is 
measured during reperfusion and an agent which provides for lower release levels of LDH is considered to 
offer greater cardioprotection since lower LDH indicates a smaller infarct size. Cardiac function is deter- 
mined using the double product (DP) of heart rate times the left ventricular developed pressure (LVDP) 

50 divided by 1,000. 

The lower the value for DP before the ischemic isolation of the heart for a given agent, the more 
cardiodepressant it is considered to be and the higher the value of DP is during reperfusion, the more 
cardioprotective the agent is. 

The following Example examines cromakalim. a potassium channel activator having vasodilator/blood 
55 pressure lowering activity, and compounds from formula C, E and F, which have little or no vasodilating 
activity in normal tissue. 

Compounds Tested in the Example 
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EXAMPLE 

55 

Preparation of the Isolated Perfused Hearts 

Male Sprague-Dawley rats (450-550 g) were used in all experiments. The rats were anesthetized using 

10 
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30 mg/kg sodium pentobarbital (i.p.)- They were intubated and then treated with i.v. heparin (1000 U/kg). 
While being mechanically ventilated, their hearts were perfused in situ via retrograde cannulation of the 
aorta. The hearts were then excised and quickly moved to a Langendorff apparatus where they were 
perfused with Krebs-Henseleit bicarbonate buffer (112 mM NaCfe, 25 mM NaHCCb, 5 mM KCI, 1.2 mM 
MgSO*, 1 mM KH2PO4, 1.25 mM CaCI 2 , 11.5 mM dextrose, and 2 mM pyruvate bubbled with 95% O2 - 
5% CO2) at a constant pressure (75 mm Hg). A water filled latex balloon attached to a metal cannula was 
then inserted into the left ventricle and connected to a Statham pressure transducer for measurement of left 
ventricular pressure. The hearts were allowed to equilibrate for 15 minutes at which time end diastolic 
pressure (EDP) was adjusted to 5 mm Hg and this was maintained for 5 minutes. Pre-ischemia or pre-drug 
function, heart rate and coronary flow (extracorporeal electromagnetic flow probe, Carolina Medical Electron- 
ics, King, N.C.) were then measured. Cardiac function was determined using the double product of heart 
rate (HR) X left ventricular developed pressure (LVDP) divided by 1000. Cardiac temperature was 
maintained throughout the experiment by submerging the hearts in 37 °C buffer which was allowed to 
accumulate in a stoppered, heated chamber. 

Experimental Protocol 

Once the baseline measurements were taken, the hearts were treated with 10 uM cromakalim, 
compounds C\ C r \ E\ E", F\ F" (n = 4 each) or with vehicle buffer (0.01% DMSO, n = 7). All of these 
hearts were treated with their respective drugs or vehicle for ten minutes. At this time, post-drug cardiac 
function and flow were measured and then the hearts were made globally ischemic by shutting off the 
buffer perfusion. The ischemia was maintained for 25 minutes, the hearts were then reperfused with 
nondrug treated buffer. Reperfusion was maintained for a total of 30 minutes and at this time reperfusion 
function and flow were again determined. The results are summarized in the TABLE below. 

Also included in the TABLE are the ICso(m) values for rat aorta. The ICso (rat aorta) value is the 
concentration of the particular compound which inhibits agonist-induced constriction in rat aorta by 50 
percent. Thus, the lower values indicate greater vasodilation and it should be noted that these values are for 
normal, i.e., non-ischemic, tissue. It can be seen that cromakalim with an IC50 of 5.7 x 10~ 8 m is a relatively 
potent vasodilator in non-ischemic tissue. The ischemia selective compounds, however, are comparable in 
the anti-ischemic effects (LDH) but have only a fraction of the vasodilator action in non-ischemic tissue. 
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Claims 

55 

1. Use of a potassium channel activator for the preparation of a pharmaceutical composition useful in 
protecting an organ and surrounding cells in a mammalian species subject to an organ surgery 
procedure. 
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2. Use according to claim 1 wherein said procedure is cardiopulmonary bypass surgery. 

3. Use according to claim 1 wherein said procedure is organ transplant surgery. 

5 4. Use according to claim 3 wherein said procedure is heart transplant surgery. 

5. Use according to claim 1 wherein said pharmaceutical composition prepared is added to a solution 
used in said procedure in order to preserve, protect or maintain organ function. 

io 6. Use according to claim 5 wherein said pharmaceutical composition prepared is added to a cardioplegic 
solution used to arrest, perfuse, store and/or protect a heart involved in a cardiopulmonary bypass or 
heart transplant procedure. 

7. Use according to claim 2 wherein the pharmaceutical composition prepared is administered to a 
75 mammalian specie undergoing said bypass procedure before and/or during and/or after said procedure. 

8. Use according to claim 4 wherein the pharmaceutical composition prepared is administered to an organ 
donor before, during or after removal of said organ from said donor. 

20 9. Use according to claim 4 wherein said pharmaceutical composition is administered to an organ 
recipient before, during or after transplantation of said organ into said recipient. 

10. Use according to any one of claims 1 to 4 wherein said potassium channel activator is selected from 



25 



30 



ON-CN CH 3 C 
nh-c-nh-£h-c- 



N-CN CH 3 CH 3 
CH 3 



known as pinacidil; the compound 



35 



40 



B 



NC 




v OH 



CH 3 



CH 3 



45 known as cromakalim; nicorandil; minoxidil; 

compounds having the formula C 



50 



55 




wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 
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Ri is 



R 7 Rs 




=NCN 



or Rio 



( 4 N 

v n i 



N 




R 9 -N 



R 2 is hydrogen, hydroxy, 



-OCCH 3 ; 



R 3 and R 4 are each independently hydrogen, alkyl or arylalkyl, or, R 3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyi, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R 6 is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 and R 8 are each independently selected from hydrogen, alkyl, alkenyl, aryl, (heterocyclo)alkyl, 
heterocyclo, arylalkyl, cycloalkyl and (cycloalkyl)alkyl, substituted alkyl wherein the substituents include 
alkoxy, alkylthio and substituted amino, or R 7 and Ra taken together with the nitrogen atom to which 
they are attached form 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphtlinyl, 1- 
piperazinyl, 4-alkyl-1-piperazinyl or 4-arylalkyl-1-piperazinyl, wherein each of the so-formed groups can 
be substituted with alkyl, alkoxy, alkylthio, halogen or trifluorom ethyl; 

R 9 and R10 are selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; 




and 



n is 1 , 2 or 3; 
with the compound 



NC 




CH 3 



being preferred; compounds having the formula 
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N-CN 

H 

NH-C-NHRx 



and its possible tautomers 



70 



75 




H-N-CN 
I 

N=C-NH-Ri 



and 



20 



25 



R 4 



H-N-CN 
I 

-N-C=N-Rx 



A 



30 



35 



including pharmaceutical^ acceptable salts; 

wherein Ri is alkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl or cycloalkylalkyl; 
R 2 is -ON, -N0 2 , 



1.8 ° . 

-CR 5 , -C-OR 5 , -C- amino , 



40 



-C-substituted amino, 



45 



-CF 3 or 



-S-R x ; 



50 



R3 and R4 are each independently selected from -R 2 , hydrogen, alky!, alkenyl, alkynyl, haloalkyl, 
halo, alkoxy, -NHalkyl, -N-(alkyl) 2 , -S-alkyl, -O-arylalkyl, -S-arylalkyl or -s-aryl, -Oaryl, -NHarylalkyl, or 
R 2 and R3 taken together are a group which forms a ring with the two carbon atoms to which they are 
attached, which group is selected from 



55 



(O) 

4. m 



(CH 2 ) n -CH 2 -. 
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O O 
-CX(CH 2 ) p CH 2 -, -C-CH 2 (CH 2 ) p X-; 

wherein 

m = 1 or 2, 
n = 3-5, 
p = 2-4, 

X is 0, NR 5t CH 2 ; and 

Rs is hydrogen or Ri ; 

compounds having the general formula 



E 




wherein A can be -CH 2 -, -0-, -NR9-, -S-, -SO- or -S0 2 -, where R 3 is hydrogen or lower alkyl of 1 to 4 
carbons; 

wherein X is oxygen or sulfur; 

Y is -NRs, -0-, -S- or 

Rio 
-CH- ; 

R1 is aryl, arylalkyl, heterocyclo or (heterocyclo)aikyl; 
R 2 is hydrogen, hydroxy, 



-OCCH3 ; 
O 

R3 and R* are each independently hydrogen, alkyl or arylalkyl, or, R3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyciic ring; 

R5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-N0 2 , -COR, -COOR, -CONHR, -CONR 2 , -CF 3) S-alkyl, -SOalkyl, -S0 2 alkyl, 



O 
II 

-P (O- alkyl ) 2 , 



O O 

K 



0-( CH 2 ) 



n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R6 is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 
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10 



25 



45 



50 



55 



R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 
n is 1, 2 or 3; and, 

Rio is hydrogen, hydroxy, alky I or Oaikyl; and compounds having the general formula 




75 

wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 
20 Ri is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl. 

R 2 is hydrogen, hydroxy, 



-OCCH 3 ; 
O 



R3 and R4 are each independently hydrogen, alkyl or arylalkyl, or, R 3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 
30 R 5 is selected from H, alkyl, haloalkyl, aikenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 

-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 aikyl, 

O o p- 

35 -P (O- alkyl ) 2 , -P 

0-<CH 2 ) n 

halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
40 and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 

arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rs is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and NO2; 

R 7 is selected from hydrogen, alkyl, aikenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1, 2 or 3. 



11. Use according to any of claims 1 to 10 wherein said potassium channel activator shows little or no 
vasodilation activity in normal tissue. 

12. The use of claim 11 wherein said potassium channel activator is selected from 

Ri 

c [ 

R 
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wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO and the others are 
carbons; 



R 7 Rs 



Ri is 



Ra-N 



> 



NCN or Rio" 
( 



R2 is hydrogen, hydroxy, 



n 



R 8 

/ 
-N 

^>=NCN; 
-N 



75 



-OCCH3 ; 

I 



20 



R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or, R3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

Rs is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-aikyl, -SOalkyl, -S0 2 alkyl, 



25 



30 



35 



40 



-P(0-alkyl) 2 , 



O o- 

K 



-R> 



n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R 6 is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 and R 8 are each independently selected from hydrogen, alkyl, alkenyl, aryl, (heterocyclo)alkyl, 
heterocyclo, arylalkyl, cycloalkyl and (cycloalkyl)alkyi, substituted alkyl wherein the substituents include 
alkoxy. alkylthio and substituted amino, or R 7 and Rs taken together with the nitrogen atom to which 
they are attached form 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphilinyl, 1- 
piperazinyl, 4-alkyl-1-piperazinyl or 4-arylalkyl-1-piperazinyl, wherein each of the so-formed groups can 
be substituted with alkyl, alkoxy, alkylthio, halogen or trifluoromethyl; 

R 9 and R10 are selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; 

and 

n is 1, 2 or 3; 



45 



50 



R a -Y 




55 wherein A can be -CH 2 -, -0-, -NR 9 , -S-, -SO- or -SO2-, where R 9 is hydrogen or lower alkyl of 1 to 4 

carbons; 

wherein X is oxygen or sulfur; 
Y is -NRs, -O-, -S- or 
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Ri o 
-CH- ; 

Ri is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R2 is hydrogen, hydroxy, 



-OCCH3 ; 

R 3 and R4 are each independently hydrogen, alkyl or arylalkyl, or, R 3 and R* taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

r 5 j s selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2. -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -SO2 alkyl, 



O 
II 

-F(0-alkyl) 2 , 



O O 

v 



CH 2 > 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl. 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rs is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 

R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 

n is 1, 2 or 3; and, 

R10 is hydrogen, hydroxy, alkyl or O-alkyl; and compounds having the general formula 



R, -X 




wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 

Rt is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl. 
R 2 is hydrogen, hydroxy, 

-OCCH3 ; 
ll 
O 

R3 and FU are each independently hydrogen, alkyl or arylalkyl, or, R3 and l=U taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
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-N0 2 , -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



O 

-P(O-alkyl) 



2 / 




0-(CH 2 ) n 



R 



halogen, amino, substituted amino, Oalkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyi)alkyl; 

R 6 is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 is selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1 , 2 or 3. 

Claims for the following Contracting State : ES 

1. A method for the preparation of a pharmaceutical composition useful in protecting an organ and 
surrounding cells in a mammalian species subject to an organ surgery procedure which comprises 
combining a potassium channel activator with a pharmaceutical^ acceptable carrier. 

2. The method of claim 1 wherein said procedure is cardiopulmonary bypass surgery. 

3. The method of claim 1 wherein said procedure is organ transplant surgery. 

4. The method of claim 3 wherein said procedure is heart transplant surgery. 

5. The method of claim 1 wherein the pharmaceutical composition prepared is added to a solution used in 
said procedure in order to preserve, protect or maintain organ function. 

6. The method of claim 5 wherein the pharmaceutical composition prepared is added to a cardioplegic 
solution used to arrest, perfuse, store and/or protect a heart involved in a cardiopulmonary bypass or 
heart transplant procedure. 

7. The method of claim 2 wherein the pharmaceutical composition prepared is administered to a 
mammalian specie undergoing said bypass procedure before and/or during and/or aftr said procedure. 

8. The method of claim 4 wherein the pharmaceutical composition prepared is administered to an organ 
donor before, during or after removal of said organ from said donor. 

9. The method of claim 4 wherein the pharmaceutical composition prepared is administered to an organ 
recipient before, during or after transplantation of said organ into said recipient. 

10. The method of any of claims 1 to 9 wherein said potassium channel activator is selected from 



A 




CH 3 



known as pinacidil; the compound 
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NC 



cy 



CH 3 



known as cromakalim; nicorandil; minoxidil; compounds having the formula 



15 



20 




25 



30 



wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 
Ri is 



R 7 

=NCN or Ri 



R 9 -N 



N 

i-- ^>=NCN; 
( H » 



35 



40 



45 



50 



55 



R 2 is hydrogen, hydroxy, 

-OCCH 3 ; 
II 
0 

R 3 and R* are each independently hydrogen, aikyl or arylalkyl, or, R3 and R4 taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



-P(0-alkyl) 2 



O O- 

K 



n 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rs is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and NO2; 

R? and Rs are each independently selected from hydrogen, alkyl, alkenyl, aryl, (heterocyclo)alkyl, 
heterocyclo, arylalkyl, cycloalkyl and (cycloalkyl)alkyl, substituted alkyl wherein the substituents include 
alkoxy, alkylthio and substituted amino, or R7 and Rs taken together with the nitrogen atom to which 
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70 



15 



20 



they are attached form 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphilinyl, 1- 
piperazinyl, 4-alkyM-piperazinyl or 4-arylalkyM-piperazinyl, wherein each of the so-formed groups can 
be substituted with alkyl, alkoxy, alkylthio, halogen or trifluoromethyi; 

R 9 and Rio are selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloaikylalkyl; 

and 

n is 1 , 2 or 3; 
with the compound 




being preferred; compounds having the formula 



CH 3 



25 



30 




N-CN 
II 

NH-ONHRi 



35 



40 



and its possible tautomers 



and 



R 2 



R 4 



H-N-CN 
I 

-N=C-NH-Ri 



45 



R 2 



H-N-CN 
I 

-N-C=N-Ra 



50 



55 



including pharmaceutical^ acceptable salts; 

wherein Ri is alkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl or cycloaikylalkyl; 
R 2 is -ON, -N0 2 , 



5 « 8 • 

-CR 5 , -C-OR 5 , -C- amino, 
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-C-substituted amino, 



-CF 3 or 




R 3 and R4 are each independently selected from -R2, hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, 
halo, alkoxy, -NHalkyl, -N-(alkyl) 2 , -S-alkyl, -O-arylalkyl, -S-ary!alkyl or -S-aryl, -O-aryl, -NHarylalkyl, or 
R 2 and R 3 taken together are a group which forms a ring with the two carbon atoms to which they are 
attached, which group is selected from 



wherein 

m = 1 or 2, 
n = 3-5, 
P = 2-4, 

X is 0, NR5 , CH 2 ; and 

Rs is hydrogen or Rt ; 

compounds having the general formula 



wherein A can be -CH 2 -, -O-, -NR 9 -, -S-, -SO- or -SO2-, where R9 is hydrogen or lower alkyl of 1 to 4 
carbons; 

wherein X is oxygen or sulfur; 

Y is -NRs, -O-, -S- or 




(?) 




E 




^1 o 
-CH-; 
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Fh is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 



-OCCH 3 ; 
O 

R 3 and R4 are each independently hydrogen, alkyl or arylalkyl, or, R3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylaikyl, -CN, 
-N0 2> -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-aikyl, -SOalkyl, -S0 2 alkyl, 

O O O 1 

-P(0-alkyl) a , — j R , 

0-(CH 2 ) n 

halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyi, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R 6 is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 

R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 

n is 1, 2 or 3; and, 

R10 is hydrogen, hydroxy, alkyl or O-alkyl; and compounds having the general formula 



F 




wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 

R1 is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl. 
R 2 is hydrogen, hydroxy, 



-OCCH3 ; 
O 

R 3 and FU are each independently hydrogen, alkyl or arylalkyl, or, Fb and R* taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylaikyl, -CN, 
-N0 2 , -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 aikyl, 
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O O O- 

(I 11/ 
-P(0-alkyl) 2 , -P 



•R , 



CMCH 2 > 



w 



halogen, amino, substituted amino, O-alkyl, OCF 3l OCH 2 CF 3) -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyi, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Rs is selected from H, aikyl, OH, O-alkyl, amino, substituted amino, CN, and NO2; 

R7 is selected from hydrogen, alkyi, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1, 2 or 3. 



11. The method of any of claims 1 to 10 wherein said potassium channel activator shows little or no 
is vasodilation activity in normal tissue. 

12, The method of claim 11 wherein said potassium channel activator is selected from 



20 



25 



Rs 




30 



wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 



35 



R 7 R 8 



Rj. is 



R 9 -N 



> 



NCN or RxS" 
( 



n 



-N 




>=NCN; 



-N 



40 



R2 is hydrogen, hydroxy, 



45 



-OCCH3 ; 



50 



R 3 and R4 are each independently hydrogen, alkyi or arylalkyl, or, R 3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

Rs is selected from H, alkyi, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -SC^alkyl, 



55 



O 
il 

-P(0-alkyl) 2 , 



O O- 

K 

O- 



R, 



halogen, amino, substituted amino, O-alkyl, OCF3, OCH 2 CF 3 , -OCOaJkyl, -OCONRalkyl, -NRCOalkyl 
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and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R 6 is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 and Rs are each independently selected from hydrogen, alkyl, alkenyl, aryl, (heterocyclo)alkyl, 
heterocyclo, arylalkyl, cycloalkyl and (cycloalkyl)alkyl, substituted alkyl wherein the substituents include 
alkoxy, alkylthio and substituted amino, or R 7 and Rs taken together with the nitrogen atom to which 
they are attached form 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphilinyl, 1- 
piperazinyl, 4-alkyi-1-piperazinyl or 4-arylalkyl-1-piperazinyl, wherein each of the so-formed groups can 
be substituted with alkyl, alkoxy, alkylthio, halogen or trifluoromethyl; 

R 9 and Rio are selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; 

and 

n is 1, 2 or 3; 



E 




wherein A can be -CH 2 -, -0-, NR 9 -, -S-, -SO- or -S0 2 -, where R 9 is hydrogen or lower alky! of 1 to 4 
carbons; 

wherein X is oxygen or sulfur; 

Y is -NR 8> -O-, -S- or 

Ri 0 
-CH- ; 

R n is aryl, arylalkyl, heterocyclo or (heterocyclo)alkyl; 
R 2 is hydrogen, hydroxy, 

-0CCH3 ; 

8 

R 3 and R«. are each independently hydrogen, alkyl or arylalkyl, or, R3 and FU taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloaikyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-N0 2 , -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 

O O O , 

II II/ 
-P(0-alkyl) 2 , ^ x — J R ' 

0-(CH 2 ) n 

halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR 2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

R 6 is selected from H, alkyl, halo, OH, O-alkyl, amino and substituted amino; 
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R 7 and Rs are each independently selected from hydrogen, alkyl, arylalkyl; 
n is 1, 2 or 3; and, 

Rio is hydrogen, hydroxy, alkyl or Oalkyl; and compounds having the general formula 



Ri-X 

Vncn 

R 7 -N 



F 




wherein a, b, and c are all carbons or one of a, b and c can be nitrogen or -NO- and the others are 
carbons; 

where X is oxygen or sulfur; 

Ri is selected from aryl, arylalkyl, (heterocyclo)alkyl, heterocyclo, cycloalkyl and (cycloalkyl)alkyl. 
R2 is hydrogen, hydroxy, 



-OCCH3 ; 
O 

R 3 and R* are each independently hydrogen, alkyl or arylalkyl, or, R 3 and R* taken together with 
the carbon atom to which they are attached form a 5- to 7-membered carbocyclic ring; 

R 5 is selected from H, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, cycloalkylalkyl, -CN, 
-NO2, -COR, -COOR, -CONHR, -CONR 2 , -CF 3 , S-alkyl, -SOalkyl, -S0 2 alkyl, 



O 

-P(0-alkyl) 2 



o o 

-K 



O— ( CH 2 ) 



halogen, amino, substituted amino, O-alkyl, OCF 3 , OCH 2 CF 3 , -OCOalkyl, -OCONRalkyl, -NRCOalkyl 
and NRCOOalkyl, NRCONR2 wherein R in each of the above groups can be hydrogen, alkyl, aryl, 
arylalkyl, cycloalkyl, or (cycloalkyl)alkyl; 

Re is selected from H, alkyl, OH, O-alkyl, amino, substituted amino, CN, and N0 2 ; 

R 7 is selected from hydrogen, alkyl, alkenyl, aryl, arylalkyl, cycloalkyl or cycloalkylalkyl; and, 

n is 1, 2 or 3. 
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been found to reduce the damage or ischemia induced by the bypass and transplant procedures. 
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